VceR regulates the vceCAB drug efflux pump operon of Vibrio cholerae by alternating between mutually exclusive conformations that bind either drugs or promoter DNA.
VceR, a member of the TetR family of transcriptional regulators, is a repressor of the vceCAB operon, which encodes a multidrug efflux pump in Vibrio cholerae. VceR binds to a 28 bp inverted-repeat within the vceR-vceC intergenic region and is dissociated from this site with CCCP, a pump substrate. The rate of the CCCP-induced conformational change in VceR was determined by stopped-flow fluorescence spectroscopy, revealing a highly co-operative process that occurs with a Hill coefficient of approximately 4. The apparent affinity for CCCP decreased in a linear manner with increasing concentrations of DNA, indicative of competition between the CCCP and DNA for binding to VceR. These data are consistent with an equilibrium between mutually exclusive conformations that are supported by the binding of DNA and CCCP to the N and C termini of VceR, respectively. Size-exclusion chromatography and dynamic light-scattering studies indicate that VceR exists predominantly as a dimer; however, a pair of dimers binds to the DNA. In order to account for the fact that VceR is a dimer in the absence of DNA but binds CCCP with a Hill co-efficient of 4, implying that it has at least four binding-sites, we propose that the VceR monomer possesses a pair of binding sites that can be simultaneously occupied by CCCP. Using a gene-reporter system and stopped-flow spectroscopy, we established that the equilibrium between free VceR and VceR-CCCP plays a critical role in controlling expression of the pump. The co-operative transition between these states allows the repressor to respond to relatively small changes in drug concentration. Thus, repression and induction can be readily switched about a critical drug concentration which will prove toxic to the cell.